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Dear Mr. Caton:

Enclosed is a response prePared by Mr. Robert D. Briskman, President, Satellite
CD Radio, Inc. (biography attached), regarding the recent submission of the Consumer
Electronics Manufacturers Association (CEMA).

As Mr. Briskman's response shows, satellite DARS can provide good service at
S-Band, there is little meaningful difference between S-Band and L-Band for this service,
and L-Band cannot be used for SDARS because it is already used for critical government
services.

cc: Chairman Hundt, Commissioners Quello, Chong, and Ness, Richard M. Smith,
Donald H. Gips
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CD Radio Response to CEMA

CEMA's conclusion recommending "immediate FCC consideration of other spectrum
options such as L-Band (1452-1492 MHz), UHF or VHF" is INCORRECT

• CEMA confuses needs for terrestrial OARS (TOARS) and satellite OARS
(SOARS).

• The testing and reporting is in dispute (Refs. 1 &5)

• L-Band (1452-1492 MHz) is used for critical government services in the
United States which cannot share with TOARS or SOARS (Ref. 1)

• S-Band is suitable for SOARS despite "CEMA's testing conclusively finds that
S-Band is unsuitable ..."

Only one system was tested by CEMA

System tested had no diversity (spatial, frequency or time) and
operated at low elevation angle from a medium powered satellite
(Ref. 2)

CEMA test data show that the need for gap filling transmitters in urban
areas is modest rather than "thousands"

• Broadcasters believe TOARS should be IBOC (Ref. 3) for compelling market
and migration reasons

No broadcaster proponent exists for any non-IBOC system

New USAOR IBOC system under development (Ref. 4). Other IBOC
possibilities exist

• Receiver manufacturers represented by CEMA are frustrated by lack of
TOARS/SOARS progress, especially in contrast with other countries

• Conclusion:

A new frequency band is not required

SOARS implementation at S-Band and IBOC development should be
expedited
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ROIERT D. BBIIKMAN

Biography

Robert D. Briskman Is Chief Technical Offtc8r of CD Radio Inc. and p,.,ldent of
it, Systems Group. He has been Involved with communication ....1Ite systems
since their Inception. Mt Briskman is responsible for the development,
implementation and management of CD Radio', ...11I11 broadcaat diltributlon
system. HI, technology development responsibility Includes dllign of low colt
satellite receiving. terminals for automobiles and of direct broadcast sound
programming and operational facUlties.

Prior to CD Radio, Mr. Brilkman waS with the Geoatar Corporation from 1988­
1991. He . was responsible .at Geostar for the development, dealgn,
Implementation and operation of the Radio Determination. Satellite Service
provided by Geostar which allows positioning and message communications
between mobile use... nationwide and their dispatch cente.... Mr. Brlskman
directed the construction of G80star'S space segment, the control and
operations center and the development of the mobile terminals U88d on land,
... and airborne vehicles built by the SONY, HUGHES Network Systems and
KENWOOD Corporations. He was responsible for the development of a
miniaturized handheld transceiver by Motorola which was the world's smallest
satellite earth terminal. Mr. Briskman served as Senior Vice President,
Engineering and Operations.

Mr. Briskman was employed by the Communications Satellite Corporation
(COMSAT) In January 1964, and was responsible Initially for satellite command
and control activities, including those involved with the launching of tNTElSAT I
(Early Bird). He was later a Department Manager In the Transmillion Systems
Division, where he was involved with the development and Implementation of
the .INTELSAT global communications system. Among his efforts, e.rty work In
demand usigned single carrier per channel, radio frequency Interference
minimization·and terrestrial Interconnection was accomplished. Mr. Briskman
was responsible from 1967·1973 for the technical planning involved with the
provision of domestic communications services via satellites, Including AT&T's
88te.,ite systems.

CD Rldio Inc. 1001 22nd Str.et MN Wishington DC 20037 rel202.296.6192 Fax 202.286.6265
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Mr. Briskman joined COMSAT General Corporation on it. founding In 1973 and
was Auiltant Vice President, Space .and Information Systems. . He wu
t'88POnsible for the COMSTAR .elllte system, the developm.nt of .arth
resource and information systems, and the Implementation of the first remote
satellite data collection system In conjunction with the United States Geological
Survey and Telesat Cenada. He directed the conitructlon of the Southbury and
santa Paula earth stations which were used for command and control of both
MARISAT and COMSTAR .ellites and for shore communications to the
Atlantic and Pacific MARISAT satelfites. Mr. Brilkman joined satelite Business
Systems in m.I(i.1977 where he was responsible for the P....Op.rational
Program which provided voice and data communications services to many IBM
facilities in the United Stat•• using the first demand-assigned, time division
multiple aCcess system ever placed in commercial operations.

Mr. Briskman returned to COMSAT General in 1980 where he was responsible
as Vice President, By'tem, Implementation for the engineering of sateHltes,
earth stations and communications technical facilities of COMSAT General and
of clients, both within and external to COMSAT. His organization provided a
complete range of technical services nationally and Internationally, Including
those involved with software, spectrum engineering and teleconferencing. Mr.
Brlskm'an was responsible for the PALAPA (Indonesla', domestic satellite
8Y8te.m), MORELOS (Mexico's domestic satelMte system), ARABSAT and
ItALSAT p,rams as well as for providing support to. the INMARSAT,
INTELSAT, TC (Direct broadcast), TELSTAR-3, ALASCOM, SATCOL,
UNISAT, INTELMET, NORDSAT, CHINASAT AND CAMEROON programs.

Prior to COMSAT, Mr. Briskman joined the National Aeronautics and Space
Administration (NASA) dUring Its founding In 1959. At NASA, Mr. Brlskman was
Chief of Program Support for the Office of Tracking and Data Acquisition. He
was Involved with the development of ground instNmentatlon for such projects
as APOLLO, GEMINI, RANGER, MARINER, and ECHO. Mr. Briskman received
the APOLLO Achievement Award from NASA for the design and implementation
of the Unified S-Band System. Before NASA, he was employed by IBM in 1954
and worked on the design of asynchronous buffer systems. After two years of
military service as an Electronic Countermeasures .Analyst Offtcer, tor which he
was awarded the Artrrf Commendation Medal, Mr. Brlskman was employed by
the Army Security Agency. He was engaged in communications systems
develQpment and analysis.
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Mr. Brilkman is a Fellow and past Secret8'Y-Treaeurer, Viol Pl'88tdent for
Technical Activities and Director of the Institute of Electrical and Electronics
EnoIn..,. (IEEE). Ha has been President of the Aerospece and Electronics
Syltema Society, DI...ctor of the National Telecommunications Conference,
Chairman of the EASCON Board of Directors, and Chairman Of the IEEE
Standards Board. Mr. Brilkman has authored over ttfty technical papers, hold.
leYaral United State, and foreign patents, served on the tndultt'y AdvIsory
Council to NASA. and i' a lleinsed professional engineer. He is'a Fellow of the
AIM and the Washington Academy of SClera, pat Prelldent of the
Washington SocIety of Engineers, and a member of 1M, AFCEA and thl Old
Crows. He i' also • recipient of the IEEE Centennial Medal. .Mr. Brlskman
holds a B.S.E. deg.... from Princeton University and a M.S.E.E. degree from the
University of Maryland.

8114198

-3-



CD RADIO INC. ID:202-296-6265 JAN 31'97 13:13 No.006 P.03

DocumentJ
Radioeommunications

Study Oroups

USTO 8·3111 (Rev. 1)
WP l()'llSlUS·9 (Rev. 1)
USWPIBI
USWP 8019 (Rev. 1)
UST02·214 (Rev. I)
J7 October )994
Orilinal: BRitish

Upl"" S"tu pf 'mula

anolo. ·of larrBMP126 (Re". 1)

PRBLIMINARY DRAFT NEW RECOMMENDATION

COORDINATION THRESHOLDS AND TECHNIQUES
FOa TRB PROTECTION OF MOBJLB ABaONAtJTICAL

TELBMBTRY SYSTEMS 'ROM GBOSTATIONARY
SATELLITB EMISSIONS IN THE BAND 1 4SZ .. 1 5%5 MJk

caesolutJo.. 521, .6 .a. WAaC·'Z)

(Q...... 6211)

THBlTUlR

CONSIDERING

(a) that in Repon 2 and 101M Repon 1 and 3 coun.... the band 1 452-1 525 MHz II apecifIcIJly allocaled to
the Aeronautical Mobile Telemeay Service on • prim." buia by No. 723. No. 7238. ud 722C.

(b) that at WARC·92 the band I 452·1 492 MHz wu .nOCltld to Ibe BJOIdcutin. Satellite Service and abe
BroadcutiRa Service, subject to the provision of 722A. 7228. and 722C.

(c) abat II WARC·92 abe band 1492·1 525 MHz wa. allocated to the Mobile Satellite SerYic:c (lpICt·tooBarth)
in Re.ion 2 fakinS account of the provisions of 723C.

(d) that the aeronautical mobile telemetry service requires intaference procecdon from the III'Yicu idMtifted in
(b) and (c) in abe indiCltld fJequency binds.

(0) thai tbIre .. no coordinadon Ihresholds that apply wilb JeIpec:t to protection of the Aeionlutical Mobile
Telemetry~ce in ...........

(f) thatcoordinaaion is required under Raobltions46 ud 521.

W that Reaolutiou 528 IIld 213 invite the RS to conduct Ihe ......., ItUdia priclr to the next (appropriate)
World RIdio Conference (WRC).

aECOMMBNDS

1. that the thrubold for "'ini"l the need for coordiudon betw.... ldIainillrltiOltl Ulina poItadoury
satellites in the broIdcutins·...llite (OSB)' or the mobi..•....mte aervice and Idminillratiou usin, the
aeronautical-mobile service (telemetry) in the 1 452·1 S2S MHz bud is determined by the followina:

• DSB (dipalaound broIdcutina) ftJfers to diJital audio broIdcutina • per NOI. 722A and 7508.



CD RADIO INC. ID:202-296-6265 JAN 31'97 13:14 No.006 P.04

• Par poItationary satellites visible to a.y aeronautical telemecry rec:eivin, Itadon, the thresholt'
corresponds to a power flux density at the tetemecry receiviftJ station in Illy 4 kHz bind for all methods
ofmodulation of:

-181.0

-193.0 + 20 lolG

-213.3 + 3S.6101G

-150.0

dB(W1DI2) for 0~ 4°

d8CWhn2) for 4° <Cl$ 200

dBCWIm2) for 2(JO <QS 600

dBCWIm2) for fJ1J<~ 900

where ex is ... II\lle of Irriva) (de....~ the horilODtaJ plane).

2. that the calculatiOll methodJ Iftd coordination techniqua pYoft ill AnIld 1 should be used, u applicable,
for delll'lniniftl intelfema to Ihe IIIOIIIUtical Mobile TeIerneay Service durina c:oordiudon.

2
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ANNEX t

COORDINATION THRESHOLDS AND TECHNIQUES
FOR THE PROTECTION OF MOBILE ABRONAUTICAL

TELEMETRY SYSTEMS FROM GEOSTATIONARY SATELLITE EMISSIONS
IN THE BAND 1 452 - 1 525 MBs

1.0 INTRODUCTION

At the WAJlC-92, the band 1 452 - I 492 MHz wu I1located to die broIdcll&in.-uteml. service and &he
broIdcutina service and, under die provisions of 722A i, limited &0 diaical audio ud IUbjecHO Resolution 528.
Tho band 1 492 • 1 525 MHz wu allDCllOd to the mobil.IIIeIUte aervice (.,..ao-8Inh) ia Resion 2. JUbjectto
the proviliou of No. 723C. A coonIination dnIhoId was pnwiIioaally applied which conaponda to &he power
Oux density (pfd) JiJnitJ liven in No. 1566 with reapect &0 lemltrial ..mea. except for the situation referred to in
No. 723. PorChis cue, the proceduNI of Resolution 46 apply.

Under Radio Re.ulalions 723 IDd 7231. aeroeautical-mobile (teJlIIIIIry) bu • primIry allocation in a
number of n.tio.... No pfd llmill apply to the use of these banda for dill purpOII. and coordination is requirad in
theN ClIN under Resolutions 461Dd 528. lWolutions 528 ad 213 invite the caR to conduct the neceswy
studies prior to the nat (1pprOpriate) World Rldio Conference (WRC).

The anaIy... and raulupven in the foUowina secdons of IhiI document ..,ot .... purpoII ofdevelopina
coordination dnIboIds. methods for calculatina interf'erewa. and tedm'" for reduc:ina interfenmce &0 aeroaautical·
mobile telemetry ')'Items (AM'J').

2.0 TELEMETRY SYSTEM CBAllACTlJUSTJCS

2.1 Gepcg'

Genn sy... dwK&eriIdcI .. liven in Reference (I) and follows. ~......,. and
lelecommand operations ..... form... -.ina of ~ vehic1eI. VehicIu.. tilled
to their desi,n limits. thUI maldn,lIf"Y of ftipt the .-lillbiJiay of int'onuIioIl received 011 ....I-time
buis. When beina tuted to delip limits. lipalllnftJth lou can exCC4ld 30 dB due to nuU. in the alrcnft antenna
pattem caUled by aircraft attitude eMIl,es.

9-15 ell
2--25W
PCMIPM
upto320km
200-500K
20-41 dB

Receive ...ana ram &idliobe levels for two_....
10m(diImeIer) 20 dIi ( )2." (6ana__)
2.'" mCdiame..) 7.14dBiC....pin)

10- Chin ClaW)

A number of uteftna diamclon are employed bet....n the 20-41 dB limill. Left·hInd and richt-band
circular, a well ali_poIariJaIionI. are used.

ChannellRl...." .... made in I-MHz incnmentl. Typical emissions .... 1,3, and 5 MHz in bandwidth
with wider _ipments made for video lAd other complex JneIIUI'DInIl.

3
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The maximum air IplCe for I telemetty rec:eivin, site is defined u • cylinder with. horizontal radius or
320 Ian around dw lite. with the lower bound determined by visibility aDd dw upper bound determined by III altitude
of 20 km. The minimum Iir space far I panicullf million is defined u I venicll cylinder with I radius of 20 km
within .... maximum air Iplel wilh .... nme lower and upper bounds u for dw maximum Iir spICe.

Continuous RP tnclcia. is employed usin, both monopulse and conical scan techniques.

There is no international apMment on required performance objectives far AMT. However, adnUnisaations
may qree to mutually acceptable protection in bi-Iateral coordination.

2.2 Tel,.,ta IIC""" A,tcpnll

: Two ....na diamIIen are .iven a 2.44-meter and I 100meter dilmew. Pipare 1 shows measured ,lin
vlluea for tbrM 2.44-meter .......... SiDce thue an...... track a movinJ vehicle .... the ....... pin toward a
poI&IIiOllary satellite is"wi"" Ihen is Isidelobe and blcklobl pin which II exCflllld GI' not exceeded 50 pacent
of tho time. The followin. composite pattern il developed on this buis for ...u pins from 29 dB to 41.2 dB.

0(8).41.2 + 20 10' (tin 1.952811.9.528) (dBi)

0(8) - 35.1 - 20 101 8 (dBi)

0(8) - 29 + 20 10' (lin 0.479M).4798) (dBi)

0(8) - 27.27 - 11.7510,8 (dBi)

0(8) - 34.05 - 25 10" (dBi)

0(8) - -8 (dBi)

2.3 Ttl...ur Tn,.III',••,,,....

; 0° S 8 $ 0.94-

; 0.94· <• S 3.82­

; 3.82° <• S 5.61

; 5.61° <. S 12.16·

; 12.16· < 8 S 41-

; 48' < • S lao-

(II)

(Jb)

(lc)

(ld)

(Je)

(1f)

(2)

The tel.meuy lianladuin, ....nu are moUlt'" on airborM vehic:1ea 1IId, ideally. would be isoIropic
radialon to cover III poulble ndiarion .,Ia toward .... teIemetty receivma..... Howewr. in pnedce. multiple
reflections and block... from the airbome vehiclu CIVIl YIriIdou ill .... pia paUIm. Multiple nftIcIionI
leneraJly ruull in I RayWah radin, dilldbution.1IId pin fuactioM haw IhowIl that this is approxiIftIIely
the cue al Ihown in Pi.ure 2. Ulin, Plpre 2 for I near Wonl cue. includinl prapaption ..... the probability
(portion oftime) (PI> that I liven pin (0.) is not exceeded can be expreaed a:

.
PI (0 S OJ>. [1- e-)·4601]1.25 (numerical)

Dislributionl corrupond1n, to an exponent or (-501) Ire obIerved.

Tho neIl_cmiIr-to-aoiIe rado (CIN) and cirri. power (C) II output ofdie tllemelly nceivin. antenna
are proportional 10 this func:cioa.

3.0 INTBRftltBMC& nOM GEOSTATIONARY SATELLITIS

3.1 n.t:CWR ...... ql Iet"',.g

If it is ............ teIemIIry antenna IDly be pointed II ay point 011 ill bIIai..... of vilibilily ...
cumuladve probabUity <P2) IhaI I llleWte at posIitionlly Iltit. is withla • radiu of (8)•• "ined from ....
telemeuy naivin.ltItioa. is: '

P2-(I -COle) (3)

The (8) in equadoa (I) is &he .... u in equation (3). ThuI. by CGIDIJIidaI equation. (I) with (3).
fWlCtiou can be oped which rei.. the probability (portion of time) ....t 1M tel.alllry nceivin. antenna pin
(0) toward tho Ute is equa110 or pealt: than a liven value (02) u shown ia Pipre 3.

4
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The received interference-ro-noise !'IUO (lIN) and the interf'emICO power a> Ire proportional to the functions
Ihown in Pipre 3.

In the cue of poIWiollll')' l.teJUre. the In.le-of·urivaJ or incerfmnee Il. telemeuy rlCCivin, station is
fixed. The only rudcnn..... involved is the telemetry receiYi"l Ifttenna poindn, vari.tions. Talin, of airborne
vUic:_ i. often racricced co area O\W' Wlter or uninhabited land in order Co preclude danpr to life or propeny in
cue of CllUcrophic failure ofeM vehic:lc bein. telred. thereby Umicin. eM azimuth Ift.les for thae cests. There are
also minimum limiu on die uimuch and elev.tion pointinl anele variations of the telemetry rec:eivinl antenna tha'
are defined by the minimum air .pace in Sec:tion 2.1.

3.2 en AMbl"

Since eqUltioll (2) il proportional to carrier power (C) aDd the fuac&ionI in Pipre 3 Ire proportional to
interference power (I). the probability ofCII can be determined and is proportional to:

P «CII) ~ (CIl>c:>. [(PJ (a $ GJ» I cP2 (Gil'S 02») (4)

when (C/I)c iI.choIen value.

The brac:keca indicMe the joint. cumut.cive probibUiIy function. 1be(C) aDd (I) fUDClionl .. indepeadenl
.inee they NIUIt from independent IOUICII. The indiclt8d iftt6lr8dou wen pllfanned for \Wious Umited ran,.. of
(P2) which, in tum. COf'I'IIPOndi to limi&ed steradian ... (S) when the .....U.. it witbil) the min.imum ainpIce
defined in Section 2.1. 1beIe inteanlionl may be eltpn:1IId u:

(5)

Tho (CII) in equation (4) il norml1ly expressed in relaaion 10 (CIN), and since 1011 of availability il the
prime concern. it il oxpnlued in relation to the dveahold (CIN)r u follows:

(6)

wh.... {P.d il the probability uaoc:iltld with (CIN)r _ il set equal 10 P(6O) and P) is the~lity IIIOCiaced
with (en). ". ratio (P)lP4) i. anaJopus and numerically equal to (lIN) criteriL The 111owabl. non-availibility
(P) is baed on (C/(N+I» .0 chat P(40) • P-P3 which relults in:

P(AG) • P/(JIN+I)

It is now nec:euary to relMl (AG) to pCd. Pint•• pfd it determined when the te1eIneay anrenne is directed
toward die ureilite:

;H!(JIN) u_L~_
pfd , (A 14.) 0

0
(waRllllr'lJt) (8)

wi-.: k • Bol1lmaM'. Coutant
.........111
T.NoiItT.............K·
00. 13113 ("1.2 dB).

This.pfd illIIocJlIed with a (AG>m It a P(4O). At (00). only C is VIriIbIe and th.... (CIl) ilpvtft by
eqUldon (2). 1be (60)' function is c:loIe1y approximated by:

(60lm • 45OOO1P(AG)J.25 (9)

The pfd from equation (I) can be incnued by (4G)mI(4G). TbuI:

5
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tTl U/N> (40)m 2
pfd $ Go (A2/4K) • (40) ; P(flO>m =P(llO) (waltslm 18)

3.3 I_pet U Tdt••tn LIM DullA

(10)

An..,.. abow daat the value of (P), me teJeme«ry link non-availability, doll not .i.nificanlly affeel the pfd
VII... The pfd VII..... primarily determined by the value of lIN. The i1lll*t Oft the relemeay link mnsured in
ta1nI of dII dlCleUO in usable nnJe (R) for • liven (P). u • function of (TIN) can be determined from equation (7),
linc:o a2 .. I/(N+I) lot • fixed nnsmiUcr power. '1be decreued UMble rap u • f1mction of (VN) is shown in
Fipre 4. ThI iJDpIlCt on telernell')' link _ip becoma seve... for (lIN) val_ peater chin one (0 dB) because the
link must be _,ned to overcome interference nther than internal noise. T'he mllimum practical value is
COftIidered to be lpJlI"OXimIte1y 0.5 (-3 dB) wllh smaller values duired.

3." I,'vf.ne" AUOWlPcg

Based on the facton Biven in Section 3.3, Iht followin, ....._ lI1owanc:ea IppIII' appropriate for this
cue. The toIal "noise" is the sum of intemal noise (NI) plus ineerfll'lDCl fIom ....Ii... Os) plus interfcreDCI from
tmellriallOUI'CII (IT). The a,pple permissible interference from _IUtesmtdlel'l"el1l'iallOUR:eS lie:

IS • 0.25 (HI + IS -to IT)

IT a 0.10 (HI + Is + IT)

(11)

(12)

Prom this. the ......... allowable (lIN) from ....U... iI 0.3146 or ".15 dB. and from IIn'NtrialIOURlll
is 0.1538 or -8.13 dB. Sinc:o pfd i. not plrticularly ....litlve to (P)•• mid,.... value of (P) of 0.00,5 il aeJecIId far
numerical evaluation which results in a p(4G) of0.00361 J from equation m.
3.5 MIDIm,_ ·(81 n"p' A.... of Aulnl Ig>

The minimum value of (8) can be determined from Ihe minimum radius of, dRl, in which aircNft ta1iftJ
is normally accompUIhed (He PiaUle 5). (S) u a function of (cx) is -.mined • follows. The eI.vation anal. of
urival is:

(1IdianI) (13)

flexa.- I [d!2a - d~'] _tan-I [ :.. _ d;,]

4a. t..-J [-.d:!:L ] _tan-I [ ..h] d < a
II n

The ............ to the azimuth (~) is:

~.2ru-1 ['r]

Prom wbicb (S) 11:

S • t114 (IS) (All)

6

d~.(""')

(--)

(......)

(1'"

(loeb)

(15)

(16)
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(17)

3.6 ged V'aH Alii, gf Ardgl

3.6.1 pld Blca'aUOII Due to (5)

1be permiuible pfd incre.... with (5) which increuea with ...... of IftiYIJ (ex). The pfd u • function of
(S) can be caIaalatect Ulin, equation (16) in conjunction wilh the (AO) venus (5) "-tionl developed in Section 3.2
for a p(AG) - 0.003611 which. in tum. i. UIId in equation Jo. The minimum (5) iI 0.001262 J1erIdians.

3.6.2 pld Escalatlo. Due to ke... Marp.

There will be IOIU distanCe (do) between !he te1cmcuy naiviq ICIdon and !he airborne vehicle at which
the c:IeIired availability is aenerally uceecIed. 'lbus. elcas marsin is availlble which could be uRel to increue the
allowable pfd. Tho valu8 of(do> can be delennined by:

[ PO. 00 ]0.'
do - 1758 KTBM f2 (CIN)T (kin)

wMre p • IiImIftpower-WIUI 4
Oa • IircnAmodi. antenna pin 0.2
Go • leiernell)' roccivinaan"pin 800
M • availability mqin required 300
f • hquency. MHz 1500
T • noise ttmperature. K· 250
B • bIndwidIb • Hz 3x1a'
(CJN>r • thruhoId value 32

The nomin.1 values for each parameter u lilted above .. consldcred 10 be abe moat appropriate for
determinina (do). Solution ofequation (17) with these valUil ruult in a (do) of40 Jan. .

The anale ofarrival (CI) il defenn.ined by the dJJtance (d) _she ain:rIft bei", (b) Ind is:

CI -arc ain (bfd) (lI)

From equadon (ll). (ex) u a function of Cd) for values of (d) between (do) lAd (b) can be dotennifted. The
.xCIII nwPn <Me> which CIA be UIId 10 incruse th8 pM is:

(19)

Tho mui1lUl1D value of (h) is IIIUIftId to be 20 laD. U YIJuu <Me> u • function of (ex) is
compulOd. A"', uact fonaulldoa ofdtiI function CIA be pM.....Ioa fIeIar <Pfde). foUowa:

• 1 ... 0.066 (Cl • 30) ;)DO < Cl S 62.S·

• 1

pile - 4 .in2cl ; 62.5· < Cl S 900

1

(2Oa)

(2(1)

(2Oc)
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3•., MIlt'." Epttl"

When me value of (5) il very mall. side and back lobe interference levels from similar satellites in the
(050) will be insi'ftificant AI compared to the main lobe Jevel. As (5) increues. the lide and blCk lobe
contributiou become .tatistically .i,nificant and 11'I accounted for on a per.lltem.. buil in paraanph 3.].
Therefcn. multiple e..aies are primarily related to the number of poItldonary satenites within the limited lteradian
coveraae of the IeIIlDllry antenna (5).

Pint. it il Ulumed tha' III area (S') is circulU' and that ill diameter (a) is ali,ned with the OSO. and
second. it i. uaumed that theR are (N) satellites equall)' spaced by an Ift,le (A). ncb producin, equal pfds .t the
telemetry IftIDlUlL

. WhM (6) is equal to (A). two enbies Ire poIIibJo but the probability is ntII' O. Whln (a) is equal to (U).
the probabiUty of cwo entries is nar 1. while probability of dine entries is near O. Ind 10 fonh. Thus. for a
probability of about 0.5:

a. (NoO.5)6t aand 4 in ellpas (21)

n.aruI (5') il:

~ • (n 14)~ (lIAlrIdiana); 6- radians

From dUs model. (N) il clOIIly approximued by:

N • 70(~·51 6: 6 2/4900 sa 5 S 1.938

(22)

(23)

Since N~ I. 5' ~ 6 2/4900. lad lince the "majlJl\llll" miDimuna vlb. of (5) hen pnaraPh 6.3 is 1.938.
(N) in equation (36) is limited to this ran". Thus. (N) is limited to 1M rap; I S N , (9OIA + 0.5).

'!be Iift,l, entry IICIlllion'(pfcles) is reWed to the ......... (pfdea) by

(24)

•• 0 COORDINATION TftUHOLD

From the pnadin, anal)'... val1lll ofIi.,...."pfeil may be developed. WbtD the pfd fl'Olll a IMIlUte is
less than the lift,l. entry value. coontiution would nat '" awquiNd. 1be pfd Ii• .., VII.. cIneIoped 111 the
foUowin. sectionl .... proposed u applicable for Aeronautical Mobile Telemetry 1)'...... Telemetry Systeml,
panmeall' vlluesue u follows:

T • ReceiviDa Statioa Noi.Temperature· 250eK
B .........B.swicIth- .. kHz
). - Waw1enph. 0.2 metal
lIN • lJt~oiIe· 0.3146
P(AO)· ProbabiHt)' of Differential Oain - 0.003611

UIi....... val ira conjUnction with the (40) ..... (8) fuJIcdon. the UClA mll'lin IIId muhi,le enuy
factor for a (6.) of.,. Ita in the fUnction shown in Pipn 6. A.llso shown in Pi,.. 6. Ihc pM venus Inale of
arriVII is c10101y apprvabnIted by:

pfdS-181.0

pfd S -193.0 + 20 10' U

pfd S -213.3 + 35.6.1101 U

pfdS-l.50

: 0 S ex S .- (dBW/lft2,. kHz)

~ 4- SU ~ 20- (dBWtm214 kHz)

; 20- , ex S60" (dBW!rrf2I. kHz)

; fJI.r , a , W (dBW!Ja214 kHz)

8

(25a)

(25b)

(25c)

(2.5d)
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5.0 COORDINATION CONSIDERATIONS FOR SATELLITE INTERFERENCE TO
AERONAUTICAL TELEMETRY SYSTEMS

5.1 GIR""

When the c~in.tion thresholds are exceeded, coordination with the affected Aeronautical Telemetry
lystemJ would be reqUired. There 11'I • number or factorl and teehniqua by which luccessful coordination may be
achieved. Some of the applicable factors and techniques that apply to Aeronautical Telemetry systems are addressed
in the foUowin. pIl8IFIphI.

5.2 T.JIWt,a Carrier I.JMbrIdtb

Po", fiux densidll 11'I commonl)' 8lpreaed in a .. kHz baadwidlb at 'nqucnci... When the
interferect.with carrier bandwidlh is much I..... thA 4 kHz. the IIIUmpCion chat die hi pfd per 4 kHz eai...
over the interfered-with carrier bandwidth may over eIlimate the IClUIJlevei or inllrfennce. Thus. oxprusin, • pfd
in the minimum interfered-with bandwidth that is most sensitive to in1lrfennce more ICCUI"Itel)' represents the actual
situation.

The miftimum bandwidth IDOIt scna.itive to in*,mnco i........ by an PSK curier with I "1'1II or
approximately 400 kbI.. Thus, the most se...itive portions of _ carrier spectrum ... approximltaly 400 kHz.
while the lotal RP apecuum requind is nearly 1 MHz. Thua•• pfd ex...... in dBW/m2/400 kHz is more
appropriaIo.

5.3 Mp'pl.tl.p.

n.. 11'0 MVenI 'YPU ormodulllioM used by AIroMudcIJ T......., .,....., inchIdiDI bodl ......ad
di,ital, with. trend toward becomiftl 111 dip..l. The lna1yIa in IICIiont hive nolllddnuld the
inwfennce offICII for v.-iouI COIIIIIiIIdons of imerftrial ad i Iftodulltioa Whea number
of interf.....with modulations involved. it is pnerall)' tbIIt die iDllrftri........ ."...u noise.
However, certain combinations of modulations could result in interfeaera ttreds that .._thin tnIdbInd n••

However, abe coordination tbraholds are considerId valid for aU types of interferin, modulations, nOlin,
that the Broadcastinl Service (lOund) is limited to diptals)'lteml.

5,4 Pallfl"tlpp.

The aircraft IfttlftM by icIeIf ilS.nerally Ii... poIariud, but .... palaization "vial thllircnft will
lencra1l)' be .lIiptical with vary,.. tltiptidtiu and IpMiaI orieftIIIion. As notId in Seedoa 1.1, telemItIy receivin•.
antennas usc me, LHC, and Ii.... palmation. Por tellIlIIII'y an ...or ..... poIluiatIonIn 110I
used, some polarizldan iIoJaIion .y be achieved. SCIIM Ii boIb aBC IIId LHC with divenity combinin,•
.This results ift • 3 dB polarization iIoIItion from any sinlle pol.u.doa inWt'win1Ii"""
5.5 rnaMa A"""UC'

In Ibe cue or iIoJlIId ......, site (no overlappiDi air .... with lIlY oIbIr .)with • re1aiwly Upt
teltiftlschedule, it may be pouibll to avoid the .. or poI1iOIII of 1ha I 452-1 m MHz '-d. ThiI COIIId allow
BSSeS) or MSS operations with pfda in oxc:aa of till val..~ ..... far co-fNcaaeacy... la die cue
where many overl... occur and ••ltaneouI -itl OCCUl'l,~ coordinatioD between telemetry sites on •
continuous bIIi. is....,and fl'IquIncy avoidance wilt ...,.ny ftOC be poaible ClI' pracdcaJ.

5.' ""MD In. SRIS. Pan••t.D

Por 1elemotry Ii... that have parameter values diff..... tbC* UIId for the development ofcoordination
thresholdl, ac:cepr-ble pfd, may be computed usin. the methodI and equatioM used in the development of abe
coordination threlholda. These pmoameten include P(AO), (S). (d), (h), (P), (JJN), ro, lie., u defiaed in the
precedina anaIy-.

9
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5.7 S,ttllll, Apt.pp, Plurl.inltiop

When the telanecry lites are outside the covenp area of Ihe Sltellite. satelUte antenna discrimination is •
very important flctor in detenninin, the need-to-coordinate u well u in coordination.

5.' TJa. Copllle"" Cue

This iI the cue where the main Jobe of the teJemecry receivin, antenna QIl be pointed at a ,Iostatloury
.ltOllite. For this cue. interference analyses need to IddIus each telemecry receivi... site. R'ferrin, to Fi,un 6. it
is ncxod Ihallhe pfd for Jow anJles or arrival are based on the o.uis pin (00 ) of the antann&. The pfd for values of
(00) Jess than 33.3 dB IN computed by equation (8) with the parameter values in Section 4. Usin.these values:

pfd $ .1~.7.·00 (dB)

for 20 $ Go $ 33.3.

(26)

1be value of pfd computed by equation (26) extands to the intersection with the escalation function of
Fi,UIe 6. .

1bree puameten IN needed to use this fi...: (J) Ihe locadons of the teltmeWy rwceivin, lilel. (2) the
maximum IItten. pin at tICh site. aDd (3) the poItItioaary loca&ion. ThiI rant ... is relatively simple and may
eliminate I number or lites tiom funhet consideration. .

For tIae c...NqUirintful'ther consicllJration. there may be 101M cues when ... teJemecry lit doll
not have I conjUIICtion with the poIIationary I_JUte It low ....Jes ofmiVII but doll haw I conjunclion at .....
aqlu of mival. 1biI could occur when the uimuth limits for tlldn, at lon, naps IN IUCh that CODjuncdoal
would not occur for low ID,_ of arrival. but can occur at hi" lit.... because (S) incnues with (eI). The
minimum pfd value for this cue is the VIIue in PilUre 6 at the ...... (ex) where conjunctions fUlt occur.

5.' The NO CoRlIPC"PI rep

It is pouible that in coordination. there .. telemeay Ii... where the an""'" can avoid. poItItianM'Y
SltelUte by some value of IOlid anile which is acccpcable for thole litIS' operations.

A first order lpPIOXimation for the escalation of the 111. pfd CaD be obIIiDld fiom equat.ion (1). One
particular cue is of intIfIIC. i.... the CIII of the I.Jemeuy main lobeI~ (10 eM ftllt side lobe ~).
This lvoidance an,le is approximately 1.5- for • 10m aDd epproximaaIIy 6- far a 2........... Par low
",vation _alea. the inclallMll pfd (6 pM) is the I8tio of (00) divided by the flratside lobe leveL WhiJe ... VII..
of (6 pfd) increues with decralial (00). the avoidlftce ..... of the teIImeUy an.... iacreIIes with dec:nasin,
(00). Main lobe lvoidance. when poIlibJ•• may lipific:andy increase Ihe allowable pfd al low ..... ofmiVII but
men detailed anaIy_ would be needed in coordinalion.

6.0 ABBONAlJDCAL MOilLE DLIMETIY OPERADO" IN rBl UNITRD SUTIS

Appendix J provides information on telemetry rec:eiviftlltltiona in the United StlttI.

(1) CCIR Report lO WARC·92

10
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APPENDIX 1

AERONAunCAL TELEMETRY RECEIVING STATION LOCATIONS
IN THE UNITED STATES

Table 1.·1 shows Ibo ..,..oximate location of telemetry receivin. stations at many of the major test raAJel.
The lilt also coa&ains the Dumber of antenna and on-axis ,ains. for the I... telt ranles. lOme of the station
loca&ions may be ;1;1- from Ibo indicated locations. Table 1.-2 shows. IUle portion of the additional telemetry
receivina ltItion locaticma. 'Ibese stations have a small number of antennas (many have only one). The on-axis
,ains .. be&ween 20 dBi and 30 dBi. TheIe locations .. shown ....phicaJly in Fi,we A-I.

In tho CIN of isolated telemetry lites (no overta"in, air IpICI with any otherr lite) with a ..Iatively liaht
teIIina IChIduIo. k may be poa.ible to avoklthe use of portioDs of the J 452 - 1 525 MHz bud. In the uSUlI cue.
where many ovtrllpl occur and limulcaneous testin. occun. frequency coordillllion between telemetry .iles on a
conUnuoua buiI itMellIII")' IIId frequency avoidance will pneraUy not be pouible or)DC1icl1.

Tlbl.. A-I and 1.-2, Ibou,h incomplete, indicate the utenliva use of abo I 452 - 1 525 MHz band in the
Unilld S..... for mobile III'Oftiutical telemetry operations. This use needl to be tIba iDeo lCCount in the
developmllll of any ahmn, c:rileri. wilh nspec:t to the bJ'OIIdcaslin. utellire (1OWd). broIdcutin, (sound), and the
mobilo-saceUite services.

II
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Table A-t. Tele.etry RecthiDI StatiODI OD Major Tat Raul"

United States Coordlnat.. Number and Gain of Antenna
dBl No.

State Lona. Lat. No. dBI No. dB. No. dBI (mu.) Total

Puerto Rico ee.1W 11.3N 1 28 7 30 1 34 34 9

NwlYortc '72.8 W 4O.8N 1 40 40 1

78.0W 38.8N 2 30 30 2

78.4W 38.3N 4 28 2 30 1 32 32 7

FIortda 85.8W SO.2N 2 28 28 2

- 88.5W 3O.5N 1 28 I 34 34 9

Mluauri 9O.4W 38.8N 1 22 1 29 29 2

·~MexIoo 101.4W ••2N 7 28 1 38 2 38 38 10

Utah 113.2W 41.0N 1 21 2 28 1 34 34 4

Arizona 114.4W U.eN 4 28 28 4

Nevada 118.1 W 37.IN 5 28 1 33 33 8

CIIIomia 117.6 W 35.8 N 3 25 8 28 2 30 30 11

cantornla 117.9W 34.9N 10 28 1 ·33 33 11

CIIlfomta 119.1 W 34.1N 1 27 2 37 4 40 40 7

Ie 119.5 W 33.2N 4 28 2 37 3 38 38 8

California 120.4 W 34.8N 1 28 1 38 1 41 41 3

- 122.5W 37.5N 2 41 41 2

HawaI 159.7W n.ON 3 28 3 39 38 8

TOTAL: 18 TOTAL ANTENNAS: 105

12
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UnIed Stalls COOi~"'" .United Slates CoonInales Urited States Coordinates

SIBle LaI. Sfate Lana. Lat. SIaIe Lana. Lal

eo..18CIicut 73.1W 41.2N Kansas W.3W 37.6N California 117.2W 32.8N

- .
75.3W 39.9N Texas W.5W 32.8N Califomia 117.3W 33.1 N

Delaware 75.8W 39.7N Texas W.8W 32.7N CaIIomIa 118.2W 35.1 N

NorI1 carolina 79.0W 35.1 N Colorado 105.9W 37.4N california 118.2W 34.4N

Florida 8O.2W 27.2N New Mexico 106.1 W 32.9N California 118.2W 33.8N

Florida 8O.3W 26.9N Texas 106.2W 32.1 N CaIIomia 118.3W 33.9N
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1-

84.9W .....8N Arizona 110.4W 31.6N CaIIomia 120.1 W 34.6N
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.

122.3W 47.5N
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Figure 2
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Figure 5
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Figure 6
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